in viva structural arterial changes were studied in asymptomatic essential hypcrtension. Carotid and femoral arteries were examined with B-mode echography for the presence or absence of plaque (the whole vascular segments of each vessel in the both sides) and for automated measurement of the far wall intima-media thickness (the vascular segment of each vessel proximal to the bifurcation in the right side) in 53 never treated hypertensive men and 133 noe?!wsive men similar with regard to age, serum cholesterol levels, and smoking history. In the hypertensive group carotid plaque was more frequent (P < ,051 and carotid and femoral intima-media thicknesses were greater (P < .OOl) than in the normotensive group. In the overall normotensive and hypertensive population intima-media thickness was independently associated with age and systolic pressure in both arteries (P < .OOl) and with cholesterol in the femoral artery W < .05) while plaque was associated with systolic pressure (P < .Ol), and cho-
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Address com~pondcnce and rpprint rquestr to Profesvur Alain Simon. Centrr de MMerine Mventive Cardiovnuukk, Hdpital Brousws, 96 IYC Didot, 75674 Paris Cedex 14, France lerteml (P < .ttl) in the carotid arteries and with ; gc (D < .Ol), cholesterol (P < .05), and smoking (P < .OOl) in the femoral arteries. No significant difference in intima-media thickness in both arteries existed between hypertensive subjects with plaque and those without.
Wall thickening and plaque were more frequent in hypertensive patients. Thickening was distributed homogeneously to both arteries, while plaque affected preferentially the femoral bed. The influence of age and pressure was more marked on intima-media thickness than on plaque. Detection of Plrrqrre The detection of plaque was performed in the extracranial carotid arteries and in the femoral arteries in the upper part of the thigh according to a procedure described in detail elsewhere.3,' Mneily, the carotid scanning ndh pe~'f~u,rJ. ti,i both sides and included the common carotid artery, the carotid bifurcation.
the carotid bulb, and the internal carotid artery. The femoral scanning was also performed on both s&s nnd included the common femoral artery, the femoral bifurcation, the superficia! femoral artery, and the profunda femoral artery in the upper part of the thigit. The ultrasonic 'mages were magnified and projected in real time on a television monitor. Arterial plaque was defined as an echogenic structure encroaching into the vessel lumen with a distinct area at least 50% thicker than the surrounding wall.',9 During the scanning, the sonographic physician classified findings into two categories at the carotid and femoral sites: absence of any plaque, or presence of one or more plaques regardless of their !ocation and number. The same physician checked the original classification in one session from the hard copies of real-time images made from longihdinal and axial sectior.s of arteries. The whole ekamipation of both sides of the two arteries took approximately 20 mh3" hmqing of hlivra-Mt.din Tllickucss The measurement of intima-media thickness was performed in the far wall of the common carotid artery and of the common femoral artery 3 cm proximal to the bifurcation of each artery. "' Fi ( gl Ire 1). To avoid prolonging the examination time, only the right side of the common carotid and femoral arteries far walls were examined, especially since this area is reported to have the least measurement variability for the carotid intima-media thickness.13 Scanning of the common carotid artery was performed in the anteroposterior projection, with the patient lying on his back with the head in axis. Scanning of the common femoral artery was also performed in the anteroposterior projection, with the patient lying on his back with the lower limb in slight external rotation.
The ultrasonic images were projected in real time on a television monitor. During the scanning, the sonographic physIcian adjusted the sound beam perpendicularly to the arterial surface of the far wall of the vessel to obtain the two parallel echogenic lines corresponding to the lumen-intima and media-adventitia interfaces.lJ If a plaque was present in the segment of measure, the subject was excluded from the study, because the plaque encroachment disrupted the double line arterial pattern of the intima-media complex. Once the two parallel
lines of the far wall were clearly visihlz on the t&vi-used. For the first step, the computer analyzed glosion moititor along at least I cm of longitudinal length b.dly the statistical distribution of the pixel gray denof the vessel, the frozen end-diastolic image (elrctrosities and identified automatically the locations of the cardiographic K-triggering) of the double lint arterial bhxd-intima and media-adventitia interfaces by compattern was transferred on a computer (Apple Macinputing the :ate of intensity change in gray level. For tosh, Cupertino, CA), digitized into 640 x 580 peak the second step, the computer validated the points cells with 256 gray Irvels, stortvi in a memory mass consistent with the expected behavior at the two insystem, and restored on quest for off-line analysis. 10 terface levels and substituted the points of discontinuThe whole invt%igation of the two arterial sites, exity or the aberrant points (parasites or ultrasonic readelusive of the off-line ar. 
RESULTS

Study Population
Tab!e 1 show> that normotensive and hypertensive groups svere similar with regard to age, cholesterol, triglycerides. pre*:alcncr zf dy:!ip: demia, and smoking exposure. Neverthele%z body mass index and blood glucose were significantly higher (P < X01) in the hypertensive group than in the normotensive group (Table I) , but diabetes mellitus (fasting blood glucose at 7.7 mmol/L or above) did not exist in either group.
Wall Thickness
and Axterial Plaque Figure 2 shows the distribution of intima-media thickness values in both arteries and in the two study groups. The proportion of hvpri;:. the femoral artery. The mean value of intima-media thickness was significantly higher in the normotensive group than in the hypertensive group in both carotid (P < ,001) and femoral (P < .OOl) arteries (Figure 2 ).
Carotid and femoral intima-media thicknesses were correlated together in the normotensive group (T = 0.47, P < .OOl, Figure 3 ). in the hypertensive group (r = 0.33, P < .Ol, Figure 3) , and in the pooled nonnotensive and hypertensive groups (r = 0.46, P < Ml). Figure 4 shows the distribution of plaque in both arteries in the two study groups. Plaque in the carotid ateties was more frequentinthe h~pcrtencivegrooup than in the normotensive group (20% z' IO%, P c .OS). Plaque in the femoral arteries was nonsignificantly more frequent in the hypertensive group than in the normotensive group (39% u 27%, P = .07). Plaque was more frequent in the femoral artery than in the carotid artery in the normotensive group (P < .05) as well as in the hypertensive group (P < .Ol). Tables 2 and 3 . Age was correlated with carotid and femoral intima-media thickness in the normotensive group (r = 0.43, r = 0.45, P < .OOl) and in the hypertensive group (r = 0.29, P < .05; r = 0.51, P < ,001) (Table 2 and Figure 5 ). The slope of the regression line relating age (in years) to carotid intima-media thickness (in millimeters) was 0.0034 mm/year in the hypertensive group and 0.0045 mm/ year in the normotensive group. The slope of the regression lime relating age to femoral intima-media thicknw was 0.010 mm/year in the hypertensive group and 0.0071 mm/year in the normotensive group. No significant difference in the slopes conespondmg to each vessel existed between the normotensive and hypertensive groups. Age was correlated with carotid and femoral plaque in the normotensive group (r = 0.23, P c .05; r = 0.25, P c 0.01) in the hypertensive group (T = 0.23, P = NS; I = 0.36, P < .Ol) ( Table 3 ). Blood pressure was correlated to rarotid intima-media thickness (significantly for systolic and diastolic: r = 0.27, r 2 0.24, P < .Ol) and to femoral intima-media thickness systolic r = 0.17, P = NS, diastolic r = 0.19, P < .05) in the normotensive group (Table 2 ). Blood pressure was slightly correlated to carotid intima-media thickne:; (r = 0.26, P = .05 for systolic and diastolic) and to femoral intima-media thickness nonsignificantly for systolic (r = 0.25) and just significantly for diastolic (r = 0.26, P = ,051 in the hyprtensive group (Table 2 ). Blood pressure was only correlated to carotid plaque in the normotensive group (r = 0.39, P < .OOl for systolic and r = 0.213, P < .05 for diastolic) (Table 3) .
Total cholesterol was correlated to carotid and femoral intima-media thickness (r = 0.20, P < .05 and r = 0.33, P -z .oOl) in the normotensive gro;lp, but not in the hypertensive group (Table 2) . Total cholestero! was correlated with carotid and femoral plaque in the normotensive group (r = 44, P < DOI and r = 0.21, P < .05) and with femoral plaque only in the hypertensive group (r = 0.27, P < .05) ( Table 3) .
Lifelong smoking dose was correlated to carotid and femoral intima-media thickness (r = 0.21, P < ,05; r = 0.28, P < .Ol) in the normotensive group but not in the hypertensive group (Table 2) . Lifelong smoking dose was correlated with femoral plaque ix) the normotensive group (r = 0.57, P < ,001) and in the h,vrtensive group (r = 0.33, P < ,011 but sxh correlation did not exist with carotid plaque in any group (Tat:e 3).
In multivariate analyses of the overall normotensive and hypertensive population (including age, systolic pressure, cholesterol, and smoking) carotid intimamedia thickness was independently associated with age (P < ,001) and systolic pressure (P < .lWl) and femoral ictima-media !hicknes= was independently associated with age (P < .oOl), systrlic pressure (P < .oOl), and cholesterol (P < .05) ( Table 4) . covariance analvsis. The femoral intima-media thickness was not different in hypertensive subjects wi!h femoral plaque than in those \\lthoLt ( Figure 7) ;he same findings were observed when the comparison of subjects with and without femoral plaq1.e was restricted to the presence or absence of plaque in the right femoral side (0.62 +_ 0.13 D 0.55 + O.i2 mm. P < .Ol, but nonsignificant for the age adjusted comparison in the normotensive group, and 0.69 f 0.21 J 0.62 c 0.17 mm, nonsignificant in the hypertensive group).
DISWSSION
The similar multivariate analyses for plaque showed that carotid plaque was independently associated with systolic pressure (P < .Ol> and cholesterol (P < .Ol) and that femoral plaque was associated with age (P < .Ol), cholesterol fP < .OS) and smoking (P < .OOl) ( Table 4) .
Relation Between Wall Thickens and Plaque
The carotid intima-media thickness was not significantly different between subjects with carotid plaque and those without, in the normotensive as well as in the hypertensive group ( Figure 6 ). The same nonsignificant difference in irtima-media tbicknejs was observed when the comparison of subjects with and without carotid plaque was restricted tu the presence or absence of i :aque in the right carotid side ipsilatera1 to the side of intima-media thickness measurement (0.56 f 0.14 u 0.53 f 0.06 mm in the normotensive group, and 0.60 f 0.13 ~0.59 f 0.10 mm in the kypertensive group).
The femoral ir.tima-media thickness was higher in normotensivr subjects with femoral plaque than in those without (P < .Ol) (Figure 7 ), but this difference disappeared when the comparison of subjec!s with and without femoral plaque was adjusted for zge by Tbr objective of the shady was tn drtert P.+ stnlrhual changes in carotid and femoral arteries u! asyrrptomatic hypertensive men conpared with normotensive male controls. The value ,oi carotid intima-media thickness found lvith our autrxnatic procedure especially in control subjects was, on average, lower tba;l most values obtained with other methods in the litt:-ature. Nevertheless intima-mcxiia thickness increases with age and in a number of literature studies the subjects i~.x=stigated were older than in fhP prent work. ',6",'3," I? the few reports including subjects with ages similar to ours,"'~ ' on!\. slight differences, in intimd-media thickness existed compared to our values and these differences could be attributed to the geographic difference of the populations studied. Furthermore, the accuracy of our method of measurement of intima-media thickness has been previously tested by comparing in vitro ultrasonographic and hlstological measures in a small series of human arterial specimens.'" Both measures were strong!. Y correlated, but the histological measures overestimated the ultrasound measure, probably because our histological technique included I-.:;dration and staining, which might have artifactxally thickened the intima-m&a compiex.'" We k.:ve also verified :hat the automatic These observations support the possibility that the effect of hypertension on intimamedia thickness might ouhreigh the effwts of certain other associated risk factors.
Another finding of the study was the greater prevalence of carotid plaque in the hypertensive group than in the normotensive group, as previously reporied.s,2' In contrast, femoral plaque was nonsignificantly more frequent in the hypertensive group than ;n the normrtensive group, but the femoral artery was nore frequently affected by plaque than the carotid a?nrv, especially in the hypertensive group. This may be exp%wd by the fact that the femoral artery is exposed to higher hydrostatic pressure and to different flow patterns than the carotid artery,".2' and may have greater susceptibility tti the atherogenic influence of risk factors,',Y as supported by the associations tound behveen femoral plaque and age, cholesterol, and smoking.
When analyzing the association between wall thickening and the prevalence of plaque in the two wssels, we found no greater intima-media thickness when plaque was present in the same vascular bed, except in the normotensive group in whom a greater femora; thickness existed in subjects with femoral plaque. Nevertheless, subjects with plaque were 5 years older than those without and the femoral thickness difference according to the presence or absence of femoral plaque disappeared when the analysis was adjusted to age. The lack of association between wall thickening and plaque did not support the common idea'," that the increase in intina-media thickness can be considered as an obligatory indicator of atherosclerotic process. It is somewhat at odds with reports in which the subdivision of nrmotmsive and hypertensive subjects according to the presence or absence of carotid atherosclerotic plaque revealed that the subjts with atherosclerosis had increased carotid wal: thicknessh~" Nevertheless, such a:~ ixrease in wail thickness could be due to the fact the subjects with plaque were older than those without plaqueh2' Therefore, the intima-media thicker.ing in hypertension is compatible with a nonathercsclerotic process such as intimal or medial hypertrophy.
Unfortunately, our current ultrasonic imaging, even with the assis-tance of computerized image analysis, could not discriminate the part of the media from that of the intima in the thickening of the intima-media complex. In concii;sion, the prevalence of wall thickening and plaque was increased in hypertension but the thickening process was distributed more hsmogeneously than plaque to carotid and femoral vesseis. Age and blood pressure influenced wall thickness in both arteries only, whereas multiple rizk b&x ivfluenced the plaque prevalence to different degrees according to the site. The lack of association between wall thickening and plaque suggested that vascular hypettrophy and early atherosclerosis may be two different shuchxal changes. However, these findings have been obtained in men and therefore they cannot be extrapolated to hypertensive women.
